INTRODUCTION
Genetic studies with Escherichia coli have shown that some transmissible elements such as the temperate phage lambda (Lederberg & Lederberg, 1953) , the sex-factor F (Lederberg, Cavalli & Lederberg, 1952; Hayes, 1953) and colicinogenic factors (Fredericq, 1948 (Fredericq, , 1953 show certain common features in their behaviour. These are named 'episomes' (Jacob & Wollman, 1958) . It is well known that lysogenic bacteria are not susceptible t o infection by phage particles which are homologous with the phage lysogenized. This phenomemon is ascribed to the presence of a prophage on the bacterial chromosome which is homologous to the superinfecting temperate phage. Various temperate phages, such as lambda or P 1, interfere with the growth of the T series of phages when they are present as prophages in their hosts (Benzer, 1955; Lederberg, 1957) . If analogous phenomena could be found between different episomic elements, such as the F factor and temperate phages, the interaction between them might open the way to further understanding of their nature. For this reason, we have searched for temperate phages which have some relationship to the sex-factor F of E. coli.
Recently, Zinder (1961) succeeded in isolating a phage which grows in female (F -), but not in male (F + or Hfr) strains of Salmonella typhimurium. The present paper describes a new temperate phage named 'tau' which forms plaques on Fstrains but not on F+ or F' (F prime) strains (Hirota & Sneath, 1961; Jacob, Schaeffer & Wollman, 1960) . Preliminary studies were reported previously (Hakura & Hirota, 1961) .
METHODS
Nutrient broth used for these experiments consisted of 10 g . Kyokuto meat extract, 10 g. polypeptone and 2 g . NaC1. in 1 1. distilled water; adjusted to pH 7.2.
Nutrient agar plates were prepared from the same medium $ 1 yo agar. I n some experiments, tris +glucose medium was used. This contained: tris 1 0 -2~; Na,HPO,, 5 x l o -4~; CaCl,, MgS0,7H20, 1 0 -3~; FeCl,, 1 0 -5~; Casamino acid, ' L g; NaC1, 5 g.; NH,Cl, 1 g.; glucose 3 g.; in 1 1. distilled water; adjusted to pH '7.2.
The characteristics of Escherichia coli K 12 and its various mutants used in these experiments are summarized in Tables 1 and 2. Strains of E . coli independently isolated from clinical specimens were obtained from the Research Institute for Microbial Diseases, Osaka University, and tested for lysogenicity. Single colonies grown on Bacto S-S agar medium were spotted on a nutrient agar plate which was to serve as master plate in testing lysogenicity of bacteria isolated. After incubation for 16 hr at 37O, the master plate was replica-plated on soft agar containing strain 58-161 F + or strain Y-70 F -. The replica plate was exposed to ultraviolet light (15 W. Toshiba germicidal lamp) for 40 sec. at a distance of 45 cm. and then incubated at 37' for 14 hr. Colonies on the master plate corresponding to inhibition zones were picked out and their properties examined.
RESULTS
Among eighty-four lysogenic strains isolated, it was found that two strains released bacteriophages which formed plaques only on F -strains but not on F + strains of Escherichia coli K 12. Both phages appeared to be closely related, if not identical, by the criteria of plaque morphology, latent period, burst size, and immunity to superinfection. Therefore, only one of these phages was used for the succeeding experiments; it was named 'tau'. An experiment was done to determine the growth of the phage on different strains of Escherichia coli K 12. As seen from Table 1 , plaques of the phage were formed on all the F-strains used, but not on any of the F + strains tested. These results indicate that formation of plaques of the phage is prevented by the F factor, and bacterial characteristics such as sugar fermentation, drug resistance, nutritional requirements, or the presence or absence of prophage lambda are not associated with the capacity of the phage tau to form plaques.
To test this hypothesis two experiments were carried out. In one experiment, an F -strain which could support growth of the phage was converted into an F + strain by infection with the F factor from an F + strain. It was found that as a result of its conversion from F -to F + , the strain lost its ability to support growth of phage tau. In the other experiment, F -strains were isolated from an F + strain after growth in the presence of acridine (Hirota & Iijima, 1957) . These F-strains, in contrast to the original F + strain, supported growth of the phage. These results further show that for growth of the phage in the host cells the sex-factor F must be absent. The mixtures were incubated a t 37" for 30 min. and then washed twice with distilled water t o remove unadsorbed free phage. They were then resuspended in the original volume of broth. Appropriate dilutions of these infected cells were spread on individual nutrient agar plates, andincubatedat 37' overnight. Colonies formed on these plates were replica-plated to nutrient agar plates which had been overlaid with 0.55 % (w/v) soft agar containing one drop of an overnight broth culture of w3110.
The replica plates were exposed to u.v.-light (15 W. of Toshiba germicidal lamp) for 20 sec. a t a distance of 45 cm, and then incubated a t 37" for 14 hr.
Where colonies were lysogenized by the phage, zones of inhibition of growth appeared around the replica-plated colonies.
F-* F+j-F'$ Multiplicity of infection No. of colonies tested 128 79 100 * F -used: w3110, Lp8 Prototroph F-.
-f F + used: JE-24, w3110 carrying F factor.
2 F' used: JE-340, w3110 carrying an F prime, F,.
The inability of the phage to grow on F + strains might have been due to its failure to be adsorbed, F -but not F + bacteria having a specific receptor for the phage, as occurs with Escherichia coli ~/ 2 and phage T2. The data presented in Table 2 indicate that the phage adsorbs to F + strains as efficiently as to F -strains.
Therefore, it was concluded that the growth cycle of the phage is inhibited at some later stage by the presence of the sex-factor F.
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The'F+ strain as well as the F-strain may become lysogenic with the phage. Ultraviolet (u.v.) irradiation or treatment with mitomycin C induces growth of the phage in lysogenic cells. The frequency of lysogenization by the phage of F -and F + strains were compared. As shown in Table 3 , the phage lysogenized a smaller proportion of F + and F' cells than F -cells under these experimental conditions. This result indicates that the F factor inhibits not only plaque formation but also lysogenization. A one-step growth curve of the phage after u.v.-induction of an F -strain of Escherichia coli lysogenized by phage tau was made. The progeny was released after a latent period of about 120 min. and 200 infective particles/bacteriuni were obtained. The sedimentation constant of purified phage was measured in a Spinco analytical ultra-centrifuge, Model E. There was a single schlieren peak and the sedimentation constant was about 200 S . Electronmicrographs of this phage shows an approximately spherical particle of 40-50 mp diameter.
DISCUSSION
We can assume that the genetic material of phage tau is injected into F + cells, since the phage adsorbs equally well to F + as F -strains of Escherichia coli, and can lysogenize F + as well as F -strains, although with different efficiencies. It is well known that lysogenic bacteria are immune to superinfection by homologous phage. To explain the immunity of the lysogenic bacteria, it is assumed that there exists a cytoplasmic repressor in lysogenic bacteria, which inhibits multiplication of homologous temperate phages (Jacob & Campbell, 1959) . The relationship between the F factor and the phage may be somewhat analogous to the phenomenon seen in the lysogenic bacteria. By analogy, we may assume that the F factor directs the synthesis of a cytoplasmic repressor which inhibits multiplication of phage tau. Loeb & Zinder (1961) reported that the bacteriophage specific for F + strains o€ Escherichin coli contain RNA. Preliminary experiments indicate that phage ta t L contains DNA, but it is not yet possible to give exact values for the amount of DNA/phage particle, because of difficulties in obtaining pure preparations without loss of plaque-forming capacity (Otsuji, 1961) .
Recently two other bacteriophages which are capable of growth on F -but not on F + strains have been isolated (Iijima & Eguchi, personal communication) . One of these shows the same immunity as phage tau, but the other one is able to grow in bacteria which were lysogenized with phage tau. Such lysogenic bacteria carrying different kinds of prophage, the growth of which is affected by the F factor, may be used as tools for genetic analysis of the F factor; experiments on this are in progress.
